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ABSTRACT To replace deceased colonies or to increase the colony numbers, beekeepers often
purchase honey bees, Apis mellifera L., in a package, which is composed of 909Ð1,364 g (2Ð3 lb) of
worker bees and a mated queen. Packages are typically produced in warm regions of the United States
in spring and shipped throughout the United States to replace colonies that perished during winter.
Although the package bee industry is effective in replacing colonies lost in winter, packages also can
be an effective means of dispersing diseases, parasites, and undesirable stock to beekeepers throughout
the United States. To evaluate the quality of packages, we examined 48 packages representing six lines
of bees purchased in the spring 2006. We estimated levels of the parasitic mite Varroa destructor
Anderson & Trueman and the percentage of drone (male) honey bees received in packages. We
surveyed for presence of the tracheal honey bee mite,Acarapis woodi (Rennie), and a microsporidian
parasite, Nosema spp., in the shipped bees. We found signiÞcant differences in both the mean Varroa
mite per bee ratios (0.004Ð0.054) and the average percentage of drones (0.04Ð5.1%) in packages from
different producers. We found signiÞcant differences in the number of Nosema-infected packages
(0.0Ð75.0%) among the six lines. No packages contained detectable levels of A. woodi. Considering
the observed variability among honey bee packages, beekeepers should be aware of the potential for
pest and disease infestations and high drone levels in packages.
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The honey bee, Apis mellifera L., is an economically
important arthropod due to the value of hive products
and pollination service that this insect provides
(Morse and Calderone 2000). Although colonies are
typically maintained perennially, apiculturists often
need to restore colony numbers that have been de-
pleted by winter mortality. To service this need and to
supply beekeepers who wish to increase the number
of colonies they manage, an industry has developed
that supplies “package bees” that beekeepers can use
to start new colonies. A package of bees is typically
sold as 909 g (2 lb) or 1,364 g (3 lb) of worker bees and
a young unrelated mated queen raised by the pro-
ducer (Laidlaw 1992). The package bee industry is
largely based in the southeastern United States and
California where warm spring climates allow produc-
ers to raise a surplus of bees and provide mated queens
that can be shipped throughout the United States in
spring. More recently, packages of bees have been
shipped from Australia to the United States to pro-
vide supplemental colonies for early season polli-
nation of California almond (Prunus spp.) trees
(Harrison 2005).

The exact methods used to make packages vary
among producers, but the basic practices are detailed
by Laidlaw (1992) who described the industry stan-
dard for production of packaged bees. Brießy, popu-
lous honey bee colonies are disassembled and worker
bees are shaken from the hive into a large mesh cage
creating a mixture of workers from many colonies.
Two or three pounds of bees are then transferred from
the large cage to a smaller “package,” a wooden box
with two screened sides. A smaller queen cage, con-
taining a young mated queen, is suspended inside the
package. The conÞned bees are provisioned with up to
a liter of sugar syrup for shipment, which is sufÞcient
to sustain the bees for �1 wk. Workers feed the queen
during transport. Upon receipt by the beekeeper,
package bees are installed in a hive (Delaplane 1994),
and they subsequently establish a colony that is
headed by the young queen shipped with the bees.

Although package bees are a simple and effective
way to transport bees over a long distance, the ship-
ment of bees is not without problems and risks. Even
from reputable producers, 4% queen mortality was
routinely observed during shipments of 50Ð150 pack-
ages of bees over a 3-yr period (J.P.S., unpublished
data). In some cases, whole packages perish when left
in the sun or otherwise overheated during shipment.
Rough handling by shippers can cause the queen cage
to become free from the package cage and roll around
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in the package, resulting in queen mortality (unpub-
lished data).

In addition to direct damage to the bees during
shipping, parasites and diseases may be shipped with
the package to the beekeeper (Wehling 2000, Hayes
2006). The ectoparasitic mite Varroa destructor
Anderson & Trueman is presently the most econom-
ically important pest of A. mellifera. The adult mites
are phoretic on adult bees and are easily transported
when bees are moved. Infested honey bee colonies,
left untreated, develop levels of mites that cause re-
duction in adult bee population, reduced brood pro-
duction and ultimately, colony death (De Jong et al.
1982a, Delaplane and Hood 1997, Strange and Shep-
pard 2001). Ideally, the level of V. destructor in pack-
age bees should be well below the local treatment
threshold where the package is to be installed; if the
new colony meets or exceeds the threshold, the bee-
keeper will need to apply a mite control treatment
immediately after the package is installed. Because
treatment thresholds vary regionally (Delaplane and
Hood 1997, Strange and Sheppard 2001), mite levels at
the package destination may exceed the local treat-
ment threshold even though the mite levels at the
production location were below the treatment
threshold.

In addition to V. destructor, the tracheal honey bee
mite, Acarapis woodi (Rennie) (Liu and Nasr 1993);
the small hive beetle, Aethina tumidaMurray (Baxter
et al. 1999); and the protozoan parasites (Nosema apis
Zander or Nosema ceranae Fries et al.) may be trans-
ported along with the host. Sundry other parasites and
diseases (including viruses) may be transported along
with the bees, leading to novel introductions or rein-
festation of a beekeeperÕs stock. The danger of pest
and pathogen movement is underscored by recent
colony declines (due to so-called colony collapse dis-
order), which may be linked to Israeli acute paralysis
virus (family Dicistroviridae, genus Iflavirus, IAPV)
thought to be imported in Australian-derived honey
bee packages (Cox-Foster et al. 2007), although the
exact origin of IAPV in North America is unknown.

Despite the fact that a package is primarily a way to
establish a new colony consisting of a queen and
worker bees, some drone (male) bees are likely to be
included. Producers can exclude most drones from
packages by shaking the bees through a queen ex-
cluder grill through which drones are too large to pass.
Because drones contribute little to the productivity of
a colony, the inclusion of large numbers of drones in
a package of bees may reduce the overall productivity
of the new colony. Drones effectively reduce the size
of the worker force in a package and place a greater
strain on the resources of the developing colony as
they must be fed from the available pool of resources,
but they contribute nothing to resource collection.
Producers that do not use a queen excluder when
making up packages will have a proportion of drones
in packages similar to the proportion of drones in the
mature colonies from which they are constructed.

Along with the quality of the worker bees in a
package, the quality of the new queen is important to

the success of the new colony. Queen honey bees sold
with package bees are often marketed as being of pure
race (e.g., Italian, Carniolan) or as selected hybrids
(e.g., Buckfast, Russian, VSH [formerly SMR]).
Queens of pure race or hybrid origin are usually se-
lected from genetic lines maintained by the producer.
Although the worker bees in a package are likely
unrelated to the queen with whom they are shipped,
it is ultimately that queenÕs offspring that will consti-
tute the colony (Laidlaw 1992); and so, packages are
marketed as coming from a particular genetic stock.
The change from package workers to the queenÕs
offspring takes �6 wk to complete because the new
queenÕs Þrst brood does not emerge for �21 d after
installation into the hive and old package workers live
for �6 wk (Delaplane 1994).

The current study assesses the quality of 48 honey
bee packages in which we estimated levels of V.
destructor, A. woodi, and N. apis (or N. ceranae)
shipped with the bees and the percentage of drones
shipped in the packages. We evaluate the quality of
queens shipped in the packages 6 wk after installa-
tion, noting queen mortality or supersedure by a
new queen.

Materials and Methods

We received eight 1,364-g (3-lb) packages from
each of six different genetic stocks or lines of honey
bees (hereafter referred to as lines 1Ð6) purchased
from four package bee producers (named producers
AÐD) in the southern United States in May 2006.
Packages were initially ordered from two additional
sources; however, those packages were not shipped.
Producers were not informed of the inclusion of their
product in the current study, and orders were placed
only with producers who would ship directly to our
location. Packages were installed on single-story, 10-
comb, full-depth (�24.45-cm) Langstroth equipment
in Ithaca, NY, within 48 h of arrival at the local post
ofÞce. A sample of 192Ð570 (mean 316) bees was
collected from each package at the time of installation
and stored in a 250-ml bottle with 95% ethanol. The
samples were later used to estimate the V. destructor
mite-per-bee ratios (MPB), A. woodi parasitism,
Nosema infection, and percentage of drones in the
packages. New ethanol was added after MPB ratios
were determined to replace ethanol lost during pro-
cessing. Samples were labeled and stored at room
temperature except when bees or mites were removed
for analyses.

Queens shipped with the packages were marked on
the thorax with a dot of colored enamel upon intro-
duction to the colony so they could be easily located
during subsequent inspections. The colonies were in-
spected �3 and 6 wk after package installation for
colony condition and the presence of the original
marked queen.
V. destructor Assessment. Varroa mites were sepa-

rated from the bees by using the alcohol wash method
(De Jong et al. 1982b). For each sample, a wire-mesh
screen was installed in the neck of the 250-ml sample
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bottle, and the bottle along with bees and alcohol were
afÞxed to a wrist action shaker and agitated for 60 min.
Bees were retained above the screen, whereas mites
fell through the screen into the bottle cap. Bees and
mites were counted, and the bees were visually in-
spected during counting to ensure thorough removal
of mites. The number of mites was divided by the
number of bees to give the MPB. Because beekeep-
ers frequently use a Þeld assay called an ether roll
to assess mite levels, MPB ratios were converted to
a standard 300 bee ether roll (SER) count with the
formula SER � [(R � B)/1.783]/(B/300), where R
is the MPB ratio, B is the number of bees in the
sample, and 1.783 is the conversion factor (Caldron
and Turcotte 1998).
Tracheal Mite Assessment. Tracheal mite infesta-

tion rates were determined for each package by mi-
croscopic visual inspection of dissected prothoracic
tracheae (Calderone and Shimanuki 1992, 1993) of 25
workers from each sample. The number of mites in
each individual honey bee was recorded.
Nosema Infection Assessment. Nosema infections

were detected by polymerase chain reaction (PCR)
ampliÞcation of homogenized gut tissue removed
from 15 workers from each package (Shimanuki and
Knox 2000). Digestive tract tissue was dissected from
the 15 workers, frozen in liquid nitrogen, and homog-
enized in 1.5-ml microcentrifuge tubes by using a
plastic pestle. The resulting homogenate was resus-
pended in 100 �l of water, vortexed, centrifuged
(16,000 � g for 10 min), and the supernatant removed.
A Chelex extraction protocol was used to extract DNA
(Walsh et al. 1991, Klee et al. 2007). DNA was ampli-
Þed using the SSUrRNA primers and protocols de-
scribed by Klee et al. (2007), and bands were visual-
ized on a 1.4% agarose gel. Samples that displayed a
band were scores as “infected,” and samples lacking a
band were scored as “disease-free.” All samples were
run alongside a positive control of honey bee gut with
a known infection.
Proportion ofDrones in Packages.The bees in each

sample were scored as either worker or drone as they
were counted. The proportion of drones in the sample
was calculated by dividing the number of drones in the
sample by the total number of workers plus drones in
the sample.
Statistical Analysis. Proportion data (MPB ratio and

proportion of drones) were transformed using the
arsine �Y to meet the assumptions required for the
analysis. A univariate analysis of variance (ANOVA)
(SPSS Inc. 2006) was used to test for differences in 1)
MPB ratios and 2) proportion drones, with line as the
Þxed factor. Means were compared with pair wise
post hoc least signiÞcant difference (LSD) tests,
and signiÞcance was set at the P � 0.05 level for all
comparisons. Differences in queen mortality among
lines and in the number of Nosema-infected pack-
ages per line were compared with a nonparametric
KruskalÐWallis test, with signiÞcance set at the P �
0.05 level.

Results

QueenSurvival.There was no signiÞcant difference
in queen survival rates (KruskalÐWallis rank test; �2 �
2.136, df � 5, P� 0.83) 6 wk after package installation.
Four of the six lines in the experiment each lost a single
queen (87.5% survival), whereas two lines had 100%
queen survival. One queen was superseded by a new
queen; two queens died within a week of installation
with no queen replacement; and one queen began
laying unfertilized drone eggs, resulting in the collapse
of that colony.
V.destructor andA.woodi.MPB ratios (Fig. 1) were

signiÞcantly different among the six package lines
(F � 5.65, df � 5, P � 0.001). The range among lines
(mean � SEM) (Table 1) was from 0.004 � 0.005 to
0.054 � 0.047 MPB. These ratios represent approxi-
mately four mites per 1,000 bees in the line with the
lowest mean MPB ratio to 54 mites per 1,000 bees in
the line with the highest mean MPB ratio. No varroa
mites were detected in three packages (all from one
producer); the highest ratio observed among all pack-
ages was 0.134 MPB. The mean MPB ratio of all 48
packages was 0.030 � 0.027. Line 3 had signiÞcantly
fewer mites than the four other lines, and line 2 had

Fig. 1. Mean MPB � SEM for each of the six tested lines
of package bees. For each bar n � 8 packages. Means rep-
resented by bars with different letters were signiÞcantly
different (P � 0.05) based on LSD comparison.

Table 1. Rate of queen failure, standardized 300 bee ether roll
count (mean � SEM) and percentage of Nosema-infected packages
in different lines of honey bees from four producers of package
honey bees

Producer
Line (no.
packages)

Queen
failure (%)

Varroa
SER

No. Nosema-
infected
packages

A 1 (n� 8) 12.5 5.71 � 1.30 2
B 2 (n� 8) 12.5 9.01 � 2.81 3
C 3 (n� 8) 0.0 0.67 � 0.30 0
D 4 (n� 8) 12.5 5.42 � 1.05 0
D 5 (n� 8) 12.5 4.46 � 1.13 6
D 6 (n� 8) 0.0 5.35 � 0.84 4

All (n� 48) 8.33 5.10 � 0.67 15
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signiÞcantly more mites than lines 3 and 5. MPB ratios
converted to SER values (Calderone and Turcotte
1998) are reported in Table 1. No tracheal mites were
found in any bees sampled.
Nosema Infection. There were signiÞcant differ-

ences in the number of Nosema-infected packages
among the six lines (KruskalÐWallis rank test; �2 �
15.67, df � 5, P � 0.008). Samples from 15 of the 48
(31.25%) packages we tested produced bands indicat-
ing Nosema infection (Table 1). Within lines 3 and 4,
we detected no infected packages, whereas the other
lines had two, three, six, and four samples with in-
fectedbees, respectively.Althoughwedidnotdirectly
quantify the severity of the infection in individual bees
or the percentage of infected individuals per package;
post-PCR microscopic inspections of gut samples and
the ßorescent intensity of the ampliÞed band of DNA
indicated that the severity of infection was variable
among packages.
Proportion of Drones in Packages. Lines 1 and 2

contained signiÞcantly larger proportions of drones
(Fig. 2) than the other four lines (F� 11.166, df � 5,
P � 0.001). In addition to having higher numbers of
drones, we observed a high degree of variability in
lines 1 and 2 with one package composed of 20.3%
drones (Table 1). Drone levels in the other four lines
with signiÞcantly fewer drones ranged from 0 drones
(20 packages) to 1.9% drones, and they were not
signiÞcantly different from one another.

Discussion

We found package quality (as measured by MPB,
percentage of drones, and Nosema prevalence) to be
highly variable both among and within the lines we
surveyed. Of the six lines of bees for which we re-
ceived packages, line 3 had no queen mortality in the
Þrst 6 wk, the lowest MPB scores, no detectedNosema,
and the lowest percentage of drones. Line 4 had low

drone levels, intermediate MPB levels, and noNosema;
yet, lines 5 and 6 also from producer D had interme-
diate MPB ratios and low drone numbers, but �50% of
those packages had detectable Nosema infections.
Lines 1 and 2 had high MPB ratios, high drone num-
bers and �25% of the packages in each line had
Nosema infections. The current study did not attempt
to qualify the resulting colonies (excepting short term
queen survival) derived from the package shipments,
but only the variability within the packages we re-
ceived. Additionally, our sample of packages was lim-
ited to four producers so some question remains as to
whether the current study included the extremes in
package quality or is generally representative of the
packages available to beekeepers. Nevertheless, we
observed that some producers are shipping packages
with higher MPB ratios, higher proportions of drones,
and a higher incidence ofNosema infection than other
producers.

The high variances associated with both MPB ratios
and the proportion of drones among producers is
likely indicative of the variation in production prac-
tices of the package bee industry. Typically package
bees are shaken off of frames and pass through a queen
excluder that restricts the movement of queens and
drone honey bees, which are too large to pass through
the openings (Laidlaw 1992). Producers who use a
queen excluder should have few drones in packages,
whereas those who forego the queen excluder will
likely have variable amounts of drones from package
to package, reßecting the variation in drone levels
from the source colonies. In the current study, it seems
likely that producers C and D used queen excluders,
whereas the other producers did not. This resulted in
four lines with low levels of drones in all packages in
their shipments and two lines with highly variable
drone numbers within the packages they shipped. It
may be that shipping some drones in packages is not
detrimental to the establishment and ultimate success
of the young colony, but the extent to which colony
development is delayed is unclear. The high level of
drones (�20%) in one package from line 2 resulted in
a 1090-g (2.4-pound) package of workers (after the
weight of drones is removed).

That some V. destructor are shipped in packages is
not surprising given the prevalence of the pest in
beekeeping operations; however, the variability of
MPB ratios among and within operations was note-
worthy. When V. destructor Þrst occurred in the
United States, it was typical for producers to ship
packages with a miticide impregnated plastic strip in
the package cage. Once the mite became widely es-
tablished, producers gave up that practice, presum-
ably due to the added expense of the miticide appli-
cation. However, the MPB ratios we observed in
package shipments (when computed as standardized
ether rolls) would exceed the spring treatment thresh-
old in some regions (e.g., more than three mites per
SER in Washington state; Strange and Sheppard 2001)
in at least 50% of packages in Þve of the six lines
evaluated. In this case, the expense of mite control has
simply been shifted to the beekeeper. In addition, the

Fig. 2. Mean proportion of drones � SEM in samples
from each of the six tested package lines. For each bar n �
8 packages. Means represented by bars with different letters
were signiÞcantly different (P � 0.05) based on LSD com-
parison.
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high variance in MPB ratios within a producer (for
example producers A or B) means that some packages
will require treatment, whereas others from the same
producer will not, and the beekeeper would be wise
to sample each package to make informed treatment
decisions or risk unnecessarily treating packages that
are below the recommended treatment threshold.

The observed variability in varroa MPB ratios, like
the variability in drone numbers, points to different
production practices among package producers. The
low MPB ratios observed in line 3 suggest that the
producer treated production colonies with miticide
shortly before making the packages, resulting in low
MPB ratios. In the past, the higher MPB ratio might
have been interpreted as failure to treat with miticides
before making up packages. However; it is as likely
that each of the other producers had different man-
agement strategies. A fall miticide application would
explain intermediate or even high MPB when pack-
ages were assembled in the spring, and some produc-
ers may choose to eliminate treatments to reduce
production costs. Likewise, some honey bee breeders
are now selecting for mite resistant bees by foregoing
chemical treatments and breeding from resistant stock
(Harbo and Hoopingarner, 1997, Rinderer et al. 2000,
Spivak and Reuter 2001), using integrated pest man-
agement (IPM) techniques (Pettis and Shimanuki
1999; Calderone 2000, 2005; Sheppard et al. 2003), or
both, to control mite levels in the colonies they use for
package production. Producer D speciÞed in adver-
tisements that no chemical treatments were applied
for mite or disease control and instead IPM strategies
were used. Both reduction in miticide use and imple-
mentation of IPM strategies would result in interme-
diate MPB ratio because mite levels are otherwise
being managed to remain below an economic injury
level.

A Þnal and unfortunate explanation for intermedi-
ate or high MPB ratios is that the production colonies
used to assemble packages may contain acaricide-
resistant mites. Populations of V. destructor have
evolved resistance to coumaphos and ßuvalinate (Bax-
ter et al. 1998, Elzen et al. 1998, Elzen et al. 1999), the
active ingredients in the two most widely used acar-
acides in the United States. Acaricide resistance would
explain the presence of V. destructor if the producer
were relying on chemical mite control before ship-
ping. If resistance is the explanation for the observed
variation in MPB, then the mass shipments of honey
bees is actually spreading resistance to acaricides. As-
sessing the levels of resistance in mites in packages
would be valuable, but it would necessitate an alter-
native method of collecting mites from shipped pack-
ages that would result in live samples for bioassays.

Although the package bee industry is effective in
transporting honey bees, the prevalence of Nosema
infection in packages may indicate that packaged bees
are also an effective source of pathogens. Given the
levels of Nosema and varroa mites in the packages, it
seems likely that other pests and pathogens may be
present as well (Wehling 2000). Because current bee
colony losses prompt fears of pathogen spread (Cox-

Foster et al. 2007), it seems increasingly prudent for
beekeepers to carefully evaluate shipments of bees
they receive.

It should be noted that packages shipped from pro-
ducer D were delayed in the mail and arrived dead in
Ithaca, NY. Producer D was notiÞed and immediately
shipped a new set of packages which were apparently
lost by the U.S. Postal Service. A third shipment by that
producer arrived in Ithaca, NY, 2 wk later in good
health, and it was included in the study. The producer
paid the cost of the latter two shipments and replaced
the bees at no extra cost. Two other producers (pro-
ducers E and F) took our orders for packages, but they
never shipped the packages either due to bee short-
ages or misplaced orders. We were not notiÞed by
these producers that shipments would not be forth-
coming and only learned of it after calling them when
the expected shipments did not arrive.

The quality of honey bee packages is largely de-
pendent upon the colonies from which they are as-
sembled and that depends on the management and
production practices of the producer. Variable MPB
ratios among producers and within some lines under-
score the variability in quality beekeepers can expect
when ordering package bees. Large numbers of
drones in package bees highlight the willingness of
some producers to sell a substandard product. Large
numbers of drones serve as biological Þller that adds
weight and volume to the product, but they may retard
the growth of the colony once installed into hives.
Although it is not clear that the levels of drones in the
packages we received were detrimental to colony per-
formance, the substitution of drones for workers in
honey bee packages is not a generally accepted prac-
tice. Because of results and the lack of any regulation
of this industry or certiÞcation of its products, bee-
keepers should monitor package quality and commu-
nicate concerns with vendors to improve industry
standards.

Purchasing packaged bees is a buyer beware en-
deavor. Although the producers included in the cur-
rent study represent only four of the dozens of pos-
sible producers of packages in the United States, the
packages we received illustrate the high variability
that beekeepers can expect to encounter in the mar-
ketplace. Our results indicate that beekeepers should
monitor the quality of incoming shipments of bees for
pest and disease presence.
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